fivefold by methods of analysis of death certification data which use only underlying cause of death. This problem is partially overcome by coding all conditions mentioned on death certificates. For a sample of deaths in England and Wales over the years 1972-1977, the observed proportion of certificates with specific underlying causes of death for certificates mentioning diabetes was compared with the expected proportion for all certificates. These observed/expected ratios were significantly increased in each sex for circulatory diseases and were significantly reduced for neoplasms. For 'nephritis' they were also increased, especially below 45 years of age. These results were confirmed by an analysis of underlying cause of death in a cohort of nearly 6,000 members of the British Diabetic Association. Of the 2,134 deaths in this coholt, diabetes was not mentioned on 33% of the death certificates. For the period 1972-1977, death rates for circulatory diseases associated with diabetes increased by 6% for males but remained constant for females.
Diabetes mellitus has become an increasingly important cause of mortality and morbidity in an ageing population [1] , nonetheless it has been called ~ underestimated public health problem' [2] . This underestimation occurs partly because, in most countries, mortality statistics are based upon the disease considered to be the 'underlying' cause of death and disregard other, often re.. lated, diseases diagnosed in the same patient. Another reason is that diabetes, being a chronic disease, is associated with other conditions, such as ischaemic heart disease, which may be more 'visible' to the certifying physician and thus selected as the underlying cause of death in preference to diabetes. The frequency with which diabetes has been cited as the underlying cause of death has varied considerably with time and place, and diabetes is not mentioned at all on the death certificates of a substantial proportion of diabetic subjects [3] [4] [5] . Analysis of all conditions mentioned on death certificates may give a clearer picture of the magnitude of diabetes mortality; such data can be used to examine both the distribution of causes of death associated with diabetes and their time trends.
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Methods
All conditions mentioned on death certificates were coded by the Office of Population Censuses and Surveys (OPCS) for a random sample of national data for England and Wales from 1972 to 1977, excluding 1974. The percentage of death certificates coded in this way varied from 10% in 1972 to 100% in 1975 and 1976, with 25% samples in 1973 and 1977 . In the present analysis, for certificates mentioning diabetes, observed frequencies of particular underlying causes of death were compared with expected frequencies. As shown in the Appendix, the ratio of observed to expected proportions has been calculated excluding certificates with diabetes as the underlying cause of death, and the ratio so obtained is termed a conditional proportional registration ratio (CPRR=observed/expected proportions xl00). Where the frequency of a specific underlying cause of death among certificates mentioning diabetes is the same as for the general population, the CPRR equals 100. The CPRRs for various underlying causes of death have been calculated by year of death, sex, and broad age groups. The statistical significance of deviations of the CPRR from 100 was calculated using a Chi-squared test on one degree of freedom [6] . In the calculation of the CPRR, certificates giving rise to the observed deaths must have at least two mentioned causes of death, one of which is diabetes. However, in the calculation of the expected deaths, all certificates have been used, some of which only specify one cause of death. It has been calculated that CPRRs based on all certificates do not differ significantly from those derived only from certificates with two or more causes of death mentioned on them. For certificates mentioning diabetes, underlying cause death rates for circulatory diseases, ischaemic heart disease, diabetes and all causes have been estimated for the years 1972-1977 and the rates age-standardised to the year 1975 [7] . Table 2 for the years 1975 and 1976 combined. For all circulatory diseases, CPRRs were significantly greater than 100 in both sexes and all age groups, being particularly high for ages 15-44years. Women aged 15-64 years had considerably higher CPRRs for ischaemic heart disease compared to men, whereas CPRRs for cerebrovascular disease were higher in men than women for all except the lowest age group. The CPRRs for all neoplasms were significantly lower than 100 for men and for women. A notable exception was pancreatic cancer where the CPRR for men was 117 (p < 0.05), but not significantly different from 100 for women. CPRRs were also significantly lower than 100 for bronchitis for all age groups except the youngest, whereas all the CPRRs for pneumonia were significantly increased. For 'nephritis' (ICD 580-584) the CPRRs were consistently increased and were particularly high for the age range 15-44 years, although numbers of expected deaths were small.
Results

Multiple Causes on Death Certification
The variation in age-adjusted death rates for diabetes as the underlying cause of death over the period 1972-1977 is shown for males and females separately in For persons with diabetes mentioned on the death certificate, the changes in underlying cause death rates for all circulatory diseases were + 6% (males) and 0% (females) and, for ischaemic heart disease, + 20% (males) and -7% (females).
Study of British Diabetic Association Members
The cohort of 5,971 members of the British Diabetic Association has been followed up for mortality for between 11 and 14years. For deaths over that period, 2,134 death certificates were traced and coded for cause of death. Of these, 1,436 (67%) had diabetes mentioned on them, either as the underlying cause or a contributory cause of death. The distribution of major underlying causes of death is shown in Table 3 for (A) all coded death certificates and (B) those certificates mentioning diabetes. When certificates giving diabetes as the underlying cause were excluded, diabetes was mentioned as a contributory cause on 60% of the remaining 1,742 certificates. This proportion varied with the underlying cause of death, being highest for respiratory diseases (69%), and lowest for accidents (18%). The proportion for neoplasms (51%) was lower than that for circulatory diseases (62%). Mortality of the British Diabetic Association cohort has been compared with that of the general population of England and Wales for 1972 by calculating standardised mortality ratios (observed/expected deaths x 100) for specific underlying causes of death by sex and age (Table 4 ). The standardised mortality ratios for all causes, all circulatory diseases and ischaemic heart disease were significantly greater than 100, the values for women being higher than those for men for all age groups. For women in the British Diabetic Association cohort aged 15-44 years, the particularly high standardised mortality ratio of 1,145 for ischaemic heart disease indicates that they are more than 11 times more likely to die of ischaemic heart disease than women of the general population in the same age range. The standardised mortality ratios for neoplasms as a whole were not significantly different from 100 for men or for women. For all respiratory diseases, the standardised mortality ratios were significantly lower than 100 for men and higher than 100 for women.
Discussion
The introduction of insulin therapy in 1922-1923 resulted in a prompt fall in diabetes death rates in England and Wales for the age range 15-44 years [9] . However, Reid and Evans [10] pointed out that the impact of insulin therapy on the overall mortality of diabetic patients was slight, since there was little benefit for the older age groups where most deaths occur. One consequence of the prolongation of the diabetic life, mainly as a result of insulin therapy, has been the growing contribution of macrovascular complications to mortality [3, 11] . This changing pattern of diabetic fatality, and the certifying physician's appreciation of it, have been associated with substantial changes in mortality statistics over the last half century. In England and Wales during the period 1921-1930, diabetes was classified as the underlying cause of death in 91% of certificates mentioning diabetes [9] but in only 60% in 1939 [12] , 33% in 1955 [13] , and is now down to 22% for men and 24% for women. A similar fall in the proportion of deaths assigned to diabetes as underlying cause was noted in a 26-year follow-up study of patients attending the Joslin Clinic [14] . Since routine mortality statistics only consider the underlying cause of death, this trend has resulted in an increasing underestimation of the contribution of diabetes to overall mortality, particularly for the middleand older-age ranges.
A clearer picture of the pattern of mortality in diabetic subjects can be obtained by coding all conditions mentioned on death certificates. Data from England and Wales confirm the findings in other developed countries [2, 11, 15] that circulatory diseases are the underlying cause of death in just over 50% of certificates mentioning diabetes. The high toll of circulatory diseases recently reported for diabetic patients under the age of 50 years [16] is reflected in the high CPRRs for total circulatory diseases and ischaemic heart disease for the age range 15-44 years. The increased cardiovascular risk of younger diabetic women, shown in several studies [17] [18] [19] , is confirmed here by the high CPRRs for the national data and high standardised mortality ratios for the British Diabetic Association cohort, and is so far unexplained in terms of established cardiovascular risk factors [31.
The relationship between cerebrovascular disease and diabetes is unclear, with some studies showing an increased incidence of stroke amongst diabetic subjects and others not [3] . The current analysis shows significantly raised CPRRs for cerebrovascular disease for all except the lowest age group for men (Table 1) . Standardised mortality ratios for cerebrovascular disease were also increased in the British Diabetic Association cohort ( Table 3) .
The excess risk of the diabetic for death from renal disease is well documented [3, 11] and confirmed by the increased CPRRs for 'nephritis' for all age-ranges, but particularly for the 15-44 year age group. The CPRRs for all respiratory diseases were not significantly different from 100 but the corresponding standardised mortality ratios were increased for the women in the British Diabetic Association cohort. An excess of deaths due to respiratory infection in diabetics has been reported elsewhere [19] and is confirmed by the increased CPRRs for pneumonia in all age groups, but the contrasting low CPRRs for bronchitis have not previously been noted.
A striking feature of the multiple-cause analysis was the low CPRRs for most cancers. Many previous studies showing an excess cancer mortality associated with diabetes have been criticised by Kessler [20] for their lax definitions of diabetes and the inadequacy of control groups. Kessler's own study of a cohort of diabetic patients attending the Joslin Clinic showed a reduced standardised mortality ratio for all cancers combined in men (particularly cancer of the lung), but not in women, and there was a significantly increased risk of pancreatic cancer for both men and women [21] . A lowered cancer risk, particularly for women, was also found in Edinburgh [19] , but not in Birmingham, UK [22] . With an excess of early deaths in diabetic patients from circulatory diseases, part of the lowered mortality from cancer and bronchitis may be due to the phenomenon of 'competing risk', since with a proportional analysis, an excess of one particular underlying cause of death must lead to a deficit in others. However, this is unlikely to be the whole explanation of the generally low CPRRs for cancers and bronchitis since they remain low even in the oldest age range where the CPRRs for circulatory diseases have come significantly closer to 100. The British Diabetic Association cohort analysis also indicates that diabetes may not be mentioned so frequently on death certificates with cancer as the underlying cause (51% versus 60% for all causes except diabetes). However, this degree of under-reporting does not seem likely to be the whole explanation of the generalised low CPRRs for cancers which deserves further study. The interpretation of epidemiological research based on death certification data has been questioned by some [23] , mainly in terms of the accuracy of the information. A recent autopsy study showed that the underlying cause of death, assigned by the pathologist, was mentioned on the death certificates in 72% of cases [24] . Multiple-cause analysis, where all conditions mentioned on. the certificate, and not just the underlying cause, are analysed, has obvious advantages for a condition such as diabetes. As a measure of the impact of a disease on the community, mortality information based on death certification has several advantages over clinical cohort studies. These include its relative ease of processing, the comprehensive nature of its data-base and its usefulness for indicating long-term trends [25] .
The trends of diabetic death rates, even though analysed over a relatively short period, certainly give no indication that recent developments in the management of diabetes, particularly concern over the quality of diabetic control [26] , are having a rapid impact on diabetic mortality. What is certain is that diabetes, as a contributor to overall mortality, is being underestimated at least four-or fivefold when reliance is placed on underlying cause of death alone and this emphasizes the need for continued monitoring of all conditions mentioned at death in diabetic subjects.
